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Background. Early and adequate atropine administration in organophosphorus (OP) or carbamate insecticide poisoning improves outcome. 
However, some authors advise that oxygen must be given before atropine due to the risk of inducing ventricular dysrhythmias in hypoxic 
patients. Because oxygen is frequently unavailable in district hospitals of rural Asia, where the majority of patients with insecticide 
poisoning present, this guidance has significant implications for patient care. The published evidence for this advice is weak. We therefore 
performed a patient cohort analysis to look for early cardiac deaths in patients poisoned by anticholinesterase pesticides. Methods. We 
analysed a prospective Sri Lankan cohort of OP or carbamate-poisoned patients treated with early atropine without the benefit of oxygen 
for evidence of early deaths. The incidence of fatal primary cardiac arrests within 3 h of admission was used as a sensitive (but non-specific) 
marker of possible ventricular dysrhythmias. Results. The cohort consisted of 1957 patients. The incidence of a primary cardiac death 
within 3 h of atropine administration was 4 (0.2%) of 1957 patients. The majority of deaths occurred at a later time point from respiratory 
complications of poisoning. Conclusion. We found no evidence of a high number of early deaths in an observational study of 1957 patients 
routinely given atropine before oxygen that might support guidance that oxygen must be given before atropine. The published literature 
indicates that early and rapid administration of atropine during resuscitation is life-saving. Therefore, whether oxygen is available or not, 
early atropinisation of OP- and carbamate-poisoned patients should be performed. 
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Introduction 

Pesticide self-poisoning is a major global clinical problem, 
killing an estimated 350,000 people every year. 1-3 The 
World Health Organization (WHO) has identified pesticide 
poisoning as the single most common method of suicide 
worldwide. 45 Organophosphorus (OP) insecticides are the 
most important pesticides and act through phosphorylating 
the active site of cholinesterases, resulting in acetylcholine 
build-up. 6 - 7 This produces excessive cholinergic stimulation, 
causing clinical features in both the peripheral and central 
nervous systems. Carbamate insecticides are also important 
and produce similar effects. 

Despite the widespread incidence of OP and carbamate 
insecticide poisoning, there has been little agreement about 
the best treatment. 8 9 Therapy involves resuscitation includ- 
ing administration of oxygen and fluids, support for airway 
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and ventilation, a muscarinic antagonist (usually atropine) 
and, for OP poisoning, an acetylcholinesterase reactivator 
(usually pralidoxime or obidoxime). 10,11 Atropine and oxi- 
mes were introduced into clinical practice without clinical 
trials to guide their use; therefore, the best way of using 
these drugs is still under study. 

A recent trial from Bangladesh 12 showed markedly more 
rapid atropinisation of OP-poisoned patients with a doubling 
dose regimen 13 of atropine rather than a standard bolus dose 
regimen. 8 The time to stabilisation was reduced from a mean 
of 152 min (95% CI: 130-173) to 24 min (95% CI: 20-28) 
(P< 0.001) in those receiving the doubling regimen; this 
faster stabilisation was associated with a mortality reduction 
from 22.5% to 8% (P = 0.01). This study demonstrates a clear 
clinical benefit achieved by administering atropine rapidly to 
sick patients with anticholinesterase insecticide poisoning. 

However, such rapid administration of atropine is hindered 
by textbooks and articles stating that oxygen must be given 
prior to atropine due to the risk of atropine-induced ventricu- 
lar tachycardia or fibrillation (Box 1). District hospitals in 
rural Asia, which deal with the vast majority of anticholin- 
esterase poisoned patients, are often understaffed and inad- 
equately equipped. 14 Many of the these hospitals do not have 
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Box 1. Quotes from articles stating the need for 
oxygen prior to atropine in OP pesticide poisoning 

'Atropine must not be given until oxygenation is adequate, 

or ventricular fibrillation may occur.' 30 
'Improve tissue oxygenation as much as possible before 

administering atropine, so as to minimize the risk of 

ventricular fibrillation' 39 ' 61 
'In order to obviate the added risk of hypoxia-induced 

ventricular dysrhythmias, correct cyanosis before 

administering atropine' 15 
'Adequate oxygenation is important as atropine can 

precipitate ventricular fibrillation in the presence of 

hypoxia' 19 

'Supplemental oxygen should be given, ideally before 
atropine administration, as hypoxia may increase the 
risk of atropine-induced dysrhythmias' 34 



easy access to oxygen and this practice therefore causes a 
delay in administering atropine or for atropine to be withheld. 
This delay will result in prolonged hazardous cholinergic 
effects such as bronchospasm, bronchorrhoea, bradycardia 
and hypotension, risking the patient's life (Box 2). 

In a literature review, we found 28 publications (14 text- 
books and 14 papers) published between 1959 and 2012 that 
stated atropine (i) should not be given before oxygen 715-31 
or (ii) should ideally not be given before oxygen due to the 
risk of it causing ventricular dysrhythmias in hypoxic OP 
pesticide -poisoned patients. 32 ^ 11 However, on inspection, 
only 2 of the 28 papers provided any evidence of ventricular 
dysrhythmias after atropine administration 3241 (Box 3), 
and neither offered even modest evidence of an association. 
The majority of articles provided this guidance without any 
reference to the literature (Fig. 1). 



Box 2. Consequences of not giving atropine when 
oxygen is unavailable 

Kecik and colleagues reported the case of a 17-year-old 
woman with acute severe self-poisoning with the OP 
insecticide dichlorvos. 26 She was transferred to the local 
hospital 1 h post ingestion and there received atropine (48 
mg) and pralidoxime. Thirty-six hours later her condition 
deteriorated and she was transferred to the intensive care 
unit of a second hospital. On admission, she showed 
marked cholinergic signs (sweat, bronchorrhoea, cyanosis, 
tachypnoea, confusion, and paralysis). However, atropine 
was withheld due to a lack of oxygen and the belief that 
its administration would result in ventricular fibrillation. 
The patient remained hypoxic for 3 days and unconscious 
for 8 days. She ultimately survived to hospital discharge 
on Day 31, despite receiving no atropine during her 
hospital admission. Administration of atropine would 
likely have treated her cholinergic syndrome, allowing 
improvement in her oxygen saturation, consciousness 
and general condition. 



Box 3. Details of the primary cases 
Hase case 41 

Hase and colleagues reported the case of a 26-year-old man 
who was admitted to hospital after self -poisoning with the 
OP insecticide diazinon. He was hypoxic, bradycardic and 
had pulmonary oedema and was immediately intubated. 
He received atropine until atropinisation: 40 mg of 
atropine over 30 min. Ten minutes later, he became 
pulseless and ECG showed ventricular tachycardia, and 
then ventricular fibrillation. The patient recovered after 
receiving a DC shock. The authors reported that atropine 
decreases the threshold for ventricular tacharrhythmias, 
by lowering the vagal tone and increasing the heart rate. 51 
They also hypothesised that hypoxia, bradycardia and 
pulmonary oedema further lowered this threshold. 

Finkelstein cases 32 

This study included 53 patients with severe OP pesticide 
poisoning requiring ventilation and intensive care 
monitoring who were treated according to a standard 
protocol. Patients received atropine 2 mg IV at intervals 
of 10 min or more until bronchospasm and bronchorrhoea 
were controlled. Cyanotic or hypoxemic patients received 
short treatments of 1 00% oxygen, until an oxygen saturation 
of above 92% was confirmed, prior to each atropine dose. 
Despite this protocol, 22 (41.5%) developed cardiac 
arrhythmias (four [18%] had supraventricular arrhythmias ; 
six [27%] had asymptomatic prolonged Q-T interval; four 
[18%] had asymptomatic ventricular premature beats; and 
eight [37%] had ventricular tachycardia and/or 'torsade 
de pointes'). Four patients with ventricular tachycardia 
and/or 'torsade de pointes' died, and in the other four, 
arrhythmia was successfully controlled by a temporary 
pacemaker. They concluded that 'atropine may induce 
cardiac arrhythmia if administered during hypoxemia', 32 
despite the ineffectiveness of correcting hypoxia before 
atropine administration in their study. 



The aim of this paper is to analyse the data derived from 
nearly 2000 Sri Lankan patients with OP or carbamate poi- 
soning who routinely received atropine before oxygen to 
determine whether there is evidence of early cardiac deaths 
that might be due to atropinisation. 

Materials and methods 

Patient cohort 

In order to examine the occurrence of fatal ventricular 
dysrhythmias after treatment with atropine, a database of 
all OP and carbamate pesticides-poisoned patients treated 
in Anuradhapura and Polonnaruwa district hospitals in 
Sri Lanka from 31 March 2002 to 1 September 2005 was 
examined. The cohort included two randomised con- 
trolled trials (RCT). 42-44 The first RCT compared multiple 
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Fig. 1. Publications linked to the references they cite to underpin this guidance. Circles within the black rectangle: the 28 publications found 
to state this guidance. By colour: blue, without supporting citations; orange, provide non-relevant supporting citations; green, provide relevant 
supporting citations. Outside the rectangle, in squares, cited human publications that are not relevant: in light blue, primary OP pesticide papers; 
in red, primary cardiac disease papers; in purple, primary nerve agent papers. Triangles: animal studies. Numbers correspond with the references. 
Publications from the same book, with a different edition, are placed together (refs 27 and 29, and 38 and 39). Of the 28 publications, 11 cited 
a source for their statement while 17 did not provide any supporting evidence. The 11 publications cited 18 sources on 27 occasions. Eleven 
citations were to relevant but secondary sources 1 8.20,22,24,26,29,38 wn ^ e seven citations were of irrelevant primary or secondary sources (patients with 
myocardial infarctions, nerve agent studies, or patients with pesticide poisoning but no ventricular dysrhythmias 10,53 ' 62-64 ). Animal studies with OP 
nerve agents, pesticide active ingredients, or myocardial infarctions 5 '• 54,55,58 ' 59 were cited on eight occasions (colour version of this figure can be 
found in the online version at www.informahealthcare.com/ctx). 



dose with single dose or no charcoal in all self-poisoned 
patients between 31 March 2002 and 16 Oct 2004. 43 
The second RCT was conducted in Anuradhapura and 
Polonnaruwa district hospitals from 26 May 2004 until 
18 October 2006 to compare pralidoxime with placebo, in 
addition to standard therapy, in symptomatic OP pesticide 
poisoning. 44 

IRB approval for the studies was received from the Faculty 
of Medicine Ethics Committee, Colombo, and Oxfordshire 
Clinical Research Ethics Committee, UK. 

Treatment and procedure 

Patients were resuscitated following standard protocols, 
including evaluation of airway breathing and circulation. 13 
Due to the absence of emergency departments at the time 
of the study in the study hospitals, patients first received 
medical care on arrival at the medical ward. This typically 
delayed initial treatment by 10 min. Oxygen was not imme- 
diately available at any site of resuscitation. 

Conscious patients with cholinergic signs (especially 
miosis, sweating, ref 13) were given an initial dose of 
0.6-1.2 mg of atropine rapidly IV; unconscious patients 
were treated with an initial dose of atropine 1.8-3 mg. If 
after 5 min atropinisation had not occurred, a double dose 
was given. This doubling was continued each time that there 
was no response (improved heart rate and blood pressure, 
clear lungs). Because oxygen was rarely available on the 
ward and had to be brought from intensive care, protocols 
did not require the administration of oxygen before atropine 
since this would delay treatment. 

Once stable, patients received activated charcoal as per 
their allocation during the RCT. 43 No patients in this cohort 
received forced emesis; patients presenting within 1 h of a 
potentially lethal ingestion who provided consent underwent 
gastric lavage. 



Patients were resuscitated with fluids to ensure adequate 
fluid output and ventilated as necessary. Symptomatic patients 
also received 1 g of pralidoxime chloride every 6 h for 1-3 
days or, if they were recruited to the pralidoxime RCT, they 
received either placebo or 2 g of pralidoxime chloride over 
20 min followed by 0.5 g/hr until death, they had no further 
need for atropine, or 7 days. 44 Sick patients were placed on 
a cardiac monitor (including oxygen saturation monitoring) 
for several hours after arrival in the ward; due to a lack of 
intensive care beds, the majority of patients were managed 
on the open ward for the first few hours to days. Temporary 
pacemakers were not used for these patients. 

Patients were seen by study doctors soon after their admis- 
sion to the medical ward, frequently while unstable in the first 
few hours, and then twice daily on ward rounds. They were 
also called to see the patient whether any events occurred. 
Events, such as endotracheal intubation, seizures, cardio- 
respiratory arrests or death, were recorded at the time of the 
event and entered into a prospective database. We used the 
incidence of fatal primary cardiac arrests as a sensitive (but 
non-specific) marker of likely ventricular dysrhythmias. 

Analysis 

Administration of sufficient atropine to resuscitate and sta- 
bilise patients on admission in this series takes an estimated 
23.4 mg (range: 1-75) of atropine within half an hour. 8 The 
recent Bangladeshi trial reported a mean time of 24 min 
(95% CI: 20-28) for this regimen in 69 patients. We hypoth- 
esised that atropine -induced dysrhythmias would likely 
occur within the first hour of atropine administration. To be 
conservative we therefore looked for any OP or carbamate 
pesticide patients dying from a primary cardiac arrest within 
3 h of admission. If atropine-induced ventricular dysrhyth- 
mias are a serious problem, we would expect to see evidence 
of such deaths. 
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We examined the database for deaths of OP and carbam- 
ate insecticide -poisoned patients and plotted the time from 
admission to death. We then identified those patients who 
died from a respiratory or cardiac arrest, plotting for the lat- 
ter group the interval from admission to death. Because some 
patients had cardiac arrests following respiratory arrests, we 
classified primary cardiac arrests as occurring more than 2 h 
after any respiratory arrest. 

The analysis included all patients who presented to the 
two study secondary hospitals. None were transferred out 
to other hospitals. Many patients were transferred from 
surrounding primary hospitals where symptomatic patients 
would have received atropine. 

Statistics 

The primary data analysis was performed in GraphPad 
Prism (version 5). Demographic factors and clinical char- 
acteristics were summarised using counts (percentages) 
for categorical variables and the median [interquatile range 
(IQR)] for non-normally distributed continues variables. 

Results 

The database contained details of 1957 patients with OP and 
carbamate pesticide poisoning admitted to hospital between 
31 March 2002 and 1 September 2005. Out of these patients, 
49.7% were transferred from surrounding peripheral hospi- 
tals after administration of atropine. 

In total 222 (11.3%) patients died. Eight were excluded 
from the analysis because they died on arrival in the ward, 
before atropine could be given. Cardiac arrest was recorded, 



most often in combination with a respiratory arrest, for 136 
patients. Fifty-five had a primary cardiac arrest as cause of 
death. Baseline demographic and clinical characteristics of 
all patients who died and those dying from primary cardiac 
arrests are presented in Table 1 . 

For all 214 deaths of OP and carbamate-poisoned patients 
receiving atropine, 22 (10.3%) occurred within the first 3 h 
(22/1957, 1.1%; Fig. 2, Table 2). Only six occurred within 
the first hour and half of these were due to dimethoate -in- 
duced distributive cardiovascular shock. 45 Of the 55 primary 
cardiovascular deaths, only 1 (1.8%) occurred within the 
first hour and 4 occurred within the first 3 hours (7.3%). The 
incidence for a primary cardiac death within 3 h of atropine 
administration, and thereby an estimate for the maximum 
rate of fatal ventricular arrhythmia, was 4/1957 (0.2%). 

Discussion 

The weak published evidence for atropine -induced ventricu- 
lar dysrhythmias in anticholinesterase poisoning is supported 
by our analysis of the largest cohort of OP and carbamate- 
poisoned patients published. In this Sri Lankan cohort, rou- 
tinely treated with atropine before oxygen, the incidence of 
death from cardiac arrest during the first 3 hours of hospital 
admission was 0.2%. It is possible that the actual incidence 
of (non-fatal) ventricular dysrhythmias was higher than this; 
however, the data indicate that serious atropine-induced dys- 
rhythmias are not a major clinical problem. 

The common advice that oxygen should be given before 
atropine after OP poisoning due to the risk of ventricular 
dysrhythmias is based upon a single case report. This lack 
of evidence is startling in the face of the estimated two mil- 



Table 1. Baseline demographic and clinical characteristics of all patients who died and patients who died 
with a primary cardiac arrest. 





All causes of death 


Primary cardiac arrest 


Number 


214 


55 


Demographic characteristics 






Age, y, median (IQR) 


42(31-52) 


42 (30-54) 


Males (%) 


183 (85.5) 


47 (85.5) 


Time from ingestion to admission, 


3 (2-5) 


3(2-4) 


h, median (IQR) 






Admission characteristics 






Symptomatic (%) 


190 (88.8) 


49(89.1) 


GSC score, median (IQR) 


6(3-13) 


3 (3-12) 


Treatment 






Previous atropine (%) 


131 (61.2) 


36 (65.5) 


Oxime treatment (%) 


155 (75.6) 


43 (78.2) 


Intubated (%) 


183 (85.5) 


50 (90.9) 


Poisoning 






Chlorpyrifos (%) 


47 (22.0) 


13 (23.6) 


Dimethoate (%) 


81 (37.9) 


22 (40.0) 


Fenthion (%) 


16 (7.5) 


5(9.1) 


Other OP insecticide* (%) 


28(13.1) 


5(9.1) 


Carbamate insecticide - ]" (%) 


15 (7.0) 


3 (5.5) 


Unknown anticholinesterase insecticide (%) 


27 (12.6) 


7 (12.7) 



IQR, interquartile range. Data are number (%) or otherwise indicated. Data were collected on admission to hospital; 
recruitment occurred soon after. 

*Other OP insecticides included: diazinon, malathion, oxydemeton-methyl, phenthoate, profenofos, prothiofos, and 
quinalphos. 

"("Carbamates included: carbosulfan and fenobucarb. 
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Fig. 2. Plot of time from admission to death for each patient (A and B) and cumulative percentage of death post admission (C and D). A: patients with any 
cause of death. B: patients dying from a primary cardiac arrest. See Table 1 legend for a list of other OP insecticides. Cumulative percentage of patients 
who died with any cause of death (broken blue), and patients dying from a primary cardiac arrest (solid red). C: up to 6 h post atropine administration; 
D: up to 100 h post atropine administration (colour version of this figure can be found in the online version at www.informahealthcare.com/ctx). 



lion cases of OP or carbamate poisoning that have occurred 
each year for the last 20-30 years. The majority of articles 
offering this guidance appear to have made it without any 
reference to the literature, resulting in the guidance being 
copied from article to article, review to review. 

Sadeeh, 46 Karki, 47 and colleagues studied the cardiac and 
electrocardiographic manifestations of acute OP poisoning 
in two case series. They reported that hypoxaemia, electro- 
lyte derangements, and acidosis were predisposing factors 
for the development of cardiac complications. However, 
neither study found a correlation between administration 
of high doses of atropine and ventricular dysrhythmias. Of 
note, the first ECGs were usually taken before resuscita- 
tion and administration of oxygen or atropine, causing a 
delay in atropine administration that was likely hazardous 
to patients and ethically questionable. Ludomirsky 37 studied 
the occurrence of Q-T prolongation and torsade de pointes in 
OP pesticide -poisoned patients, reporting Q-T prolongation 
in 14 of 15 cases and 6 tachy dysrhythmias. However, these 
dysrhythmias were unrelated to the use of atropine. 

Rapid administration of atropine can be life-saving. 12 
The evidence reported here indicates that its administration 



should not be held back by the lack of oxygen therapy, since 
atropine will reduce fluid in the lungs and improve oxygeni- 
sation 45 as well as treat hypotension and bradycardia. We 
recommend that oxygen is provided as soon as possible to all 
moderate -to-severely poisoned patients but that its absence 
does not slow or prevent the provision of atropine. This 
guidance was already given by Fernando in 1989 35 and was 
implicit in the key review published by Namba in 1971. 10 It 
has become more commonplace over the last few years. 48 ' 49 

The recommendation for provision of oxygen before atro- 
pine has been in the cardiology literature since the 1970s. 
There is evidence to show that atropine can have adverse 
effect in patients following cardiac complications such as 
myocardial infarction. 50 " 53 However, we have been unable 
to find any discussion comparing the focal ischaemia found 
in myocardial infarction with the global ischaemia found in 
pesticide poisoning. The relevance of these data to young 
previously fit patients with normal hearts and anticholinest- 
erase poisoning seems less certain. 

Contrary to the very limited human data, five animal stud- 
ies have been published. However, only two looked at pesti- 
cide poisoning 54 55 and these were with unformulated TEPP 



Table 2. Time of death since admission for OP or carbamate-poisoned patients treated with atropine. 



All causes of deaths Primary cardiac arrest 



Time to death since admission, h, median (IQR) 


36 


(14-111) 


55 (14-152) 


Time of death using categorical variable 








<3h 


22 


(10.3) 


4 (7.3) 


3-100 h 


132 


(61.7) 


31 (56.4) 


>100h 


60 


(28.0) 


20 (36.4) 



IQR, interquartile range. 

Data are number (%) or otherwise indicated. 
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and parathion active ingredients (rather than the formulated 
agricultural pesticides that people ingest 56 ). Three studied 
dysrhythmias after atropine treatment in OP nerve agent 
poisoning. 57 " 59 Ventricular dysrhythmias only occurred in 
dogs and not in other species. In response Hayes stated: 
'the fact that no reports of cases of sudden death following 
administration of atropine have been found indicates that 
there may be a marked species difference so that the danger 
of giving atropine in the presence of cyanosis in human cases 
is small or simply that few, if any, patients have the degree of 
cyanosis involved in the animal studies.' 60 

Limitations 

This prospective dataset documented only whether and 
when a patient had had a cardiac arrest or respiratory arrest. 
Resources were limited in the hospitals and patients were 
rarely treated in an intensive care unit where continual cardiac 
monitoring and observation could take place. However, initial 
atropinisation was done by a research team with sick patients 
on a cardiac monitor so dysrhythmias would have been noted 
in these early stages. No patients were reported to die from 
ventricular dysrhythmias and there was no sense that atropine 
administration was hazardous in the absence of oxygen. 

Many of the patients were transferred from peripheral 
hospitals where they had received atropine. This would 
have improved the clinical condition of some patients and 
reduced the risk of complications. However, all patients 
were assessed during resuscitation at the secondary hospi- 
tals for cholinergic signs and the majority required atropine. 
The analysis does not include patients who died between 
presentation at the primary hospital and arrival in the medi- 
cal wards of the study secondary hospital. 

Conclusion 

Adequate atropinisation is key for the management of OP 
and carbamate poisoning and should be done early, with 
appropriate titration and monitoring of developing adverse 
events. Currently, we can find no evidence to support the 
claim that oxygen must be given before atropine. It is likely 
that in hospitals where oxygen is not available, early admin- 
istration of atropine during resuscitation is life-saving. 12 
Guidelines for management of OP and carbamate poisoning 
should recommend early atropinisation of patients, whether 
oxygen is available or not. 

Acknowledgements 

We thank the directors, consultant physicians, and medical 
and nursing staff of the study hospitals for their support, and 
the Oxford-Colombo Collaboration and S ACTRC study doc- 
tors and coordinators for their immensely valuable work. 

Declaration of interest 

The authors report no declarations of interest. The authors 
alone are responsible for the content and writing of the 
paper. 



The cohort was funded by the Wellcome Trust (grant 
063560). LAK is an Erasmus student; ME is a Scottish 
Senior Clinical Fellow (funded by the Chief Scientist 
Office and Scottish Funding Council) and a Lister Research 
Prize Fellow. 

References 

1. Jeyaratnam J. Acute pesticide poisoning: a major global health 
problem. Wld Hlth Statist Quart 1990; 43:139-144. 

2. Eddleston M. Patterns and problems of deliberate self-poisoning 
in the developing world. Q J Med 2000; 93:715-731. 

3. Gunnell D, Eddleston M, Phillips MR, Konradsen F. The global 
distribution of fatal pesticide self-poisoning: systematic review. 
BMC Public Health 2007; 7:357. 

4. Bertolote JM, Fleischmann A, Eddleston M, Gunnell D. Deaths 
from pesticide poisoning: a global response. Brit J Psychiat 2006; 
189:201-203. 

5. Bertolote JM, Fleischmann A, Butchart A, Besbelli N. Suicide, sui- 
cide attempts and pesticides: a major hidden public health problem. 
Bull World Health Organ 2006; 84:260. 

6. Ballantyne B, Marrs TC. Overview of the biological and clinical 
aspects of organophosphates and carbamates. In: Ballantyne B, 
Marrs TC, eds. Clinical and experimental toxicology of organophos- 
phates and carbamates. Oxford: Butterworth heinemann; 1992:3-14. 

7. Lotti M. Clinical toxicology of anticholinesterase agents in humans. 
In: Krieger RI, Doull J, eds. Handbook of Pesticide Toxicology, Vol 2. 
Agents, 2 edn. San Diego: Academic Press, 2001:1043-1085. 

8. Eddleston M, Buckley NA, Checketts H, Senarathna L, 
Mohamed F, Sheriff MH, Dawson A. Speed of initial atropinisation 
in significant organophosphorus pesticide poisoning - a systematic 
comparison of recommended regimens. J Toxicol Clin Toxicol 2004; 
42:865-875. 

9. Eddleston M, Szinicz L, Eyer P, Buckley N. Oximes in acute organo- 
phosphorus pesticide poisoning: a systematic review of clinical trials. 
QJMed 2002;95:275-283. 

10. Namba T, Nolte C, Jackrel J, Grob D. Poisoning due to organophos- 
phate insecticides. Am J Med 1971; 50:475^192. 

11. Eddleston M, Buckley NA, Eyer P, Dawson AH. Medical manage- 
ment of acute organophosphorus pesticide poisoning. Lancet 2008; 
371:597-607. 

12. Abedin MJ, Sayeed AA, Basher A, Maude RJ, Hoque G, Faiz MA. 
Open-label randomized clinical trial of atropine bolus injection versus 
incremental boluses plus infusion for organophosphate poisoning in 
Bangladesh. J Med Toxicol 2012; 8:108-1 17. 

13. Eddleston M, Dawson A, Karalliedde L, Dissanayake W, Hittarage A, 
Azher S, Buckley NA. Early management after self-poisoning with an 
organophosphorus or carbamate pesticide - a treatment protocol for 
junior doctors. Crit Care 2004; 8:R391-R397. 

14. Eddleston M, Sheriff MH, Hawton K. Deliberate self-harm in Sri 
Lanka: an overlooked tragedy in the developing world. BMJ 1998; 
317:133-135. 

15. Aggarwal P, Wali JP. Diagnosis and Management of Common 
Poisoning. Delhi: Oxford University Press; 1997. 

16. Balali-Mood M, Balali-Mood K, Moodi M, Balali-Mood B. 
Health aspects of organophosphorous pesticides in asian countries. 
Iran J Public Health 2012; 41:1-14. 

17. Baskin SI. Principles of Cardiac Toxicology. Boca Raton, Florida: 
CRC Press; 1991. 

18. DURHAM WF, Hayes WJ Jr. Organic phosphorus poisoning and its 
therapy. With special reference to modes of action and compounds 
that reactivate inhibited cholinesterase. Arch Environ Health 1962; 
5:21-47. 

19. Flanagan RJ, Jones AL. Antidotes. Principles and Applications. 
London: Taylor & Francis; 2001. 

20. Haddad LM, Shannon MW, Winchester JF. Clinical management of 
poisoning and drug overdose. 2nd ed. Philadelphia: W B Saunders; 
1983. 



Clinical Toxicology vol. 52 no. 5 2014 



Oxygen & atropine in anticholinesterase pesticide poisoning 537 



21. Hayes WJ Jr. Clinical Handbook of Economic Poisons. Washington, 
DC: U. S. Government Printing Office; 1963. 

22. Hayes WJ Jr. Parathion poisoning and its treatment. JAMA 1965; 
192:49-50. 

23. Heath AJ, Meredith T. Atropine in the management of 
anticholinesterase poisoning. In: Ballantyne B, Marrs T, eds. Clinical 
and Experimental Toxicology of Organophosphates and Carbamates. 
Oxford: Butterworth Heinemann; 1992:543-554. 

24. Holmstedt B. Pharmacology of organophosphorus cholinesterase 
inhibitors. Pharmacol Rev 1959; 11:567-688. 

25. Joshi S, Biswas B, Malla G. Management of organophosphorus 
poisoning. Update Anaesth 2009; 9:31-35. 

26. Kecik Y, Yorukoglu D, Saygin B, Sekerci S. A case of acute poisoning 
due to organophosphate insecticide. Anaesthesia 1993; 48:141-143. 

27. Matthew H, Lawson AAH. Treatment of Acute Poisonings. 2nd ed. 
Edinburgh: Churchill Livingstone; 1975. 

28. Milby TH. Prevention and management of organophosphate 
poisoning. JAMA 1971; 216:2131-2133. 

29. Matthew H. Acute poisoning. Community Health 1970; 2: 18-22. 

30. Poison CJ, Green MA, Lee MR. Clinical Toxicology. London: 
Pitman; 1983. 

31. Singh S, Sharma N. Neurological syndromes following organophos- 
phate poisoning. Neurol India 2000; 48:308. 

32. Finkelstein Y, Kushnir A, Raikhlin-Eisenkraft B, Taitelman U. 
Antidotal therapy of severe acute organophosphate poisoning: a 
multihospital study. Neurotoxicol Teratol 1989; 11:593-596. 

33. Fernandez MC. Atropine. In: Dart RC, ed. Medical Toxicology. 3rd 
edn. Philadelphia: Lippincott, Williams & Wilkins, 2004:163-164. 

34. Erdman AR. Insecticides. In: Dart RC, ed. Medical Toxicology. 
3rd edn. Philadelphia: Lippincott Williams & Wilkins, 2004: 
1475-1496. 

35. Fernando R. Preventable acute organophosphate poisoning deaths. 
Ceylon Med J 1989; 34:139-142. 

36. Gosselin RE, Smith RP, Hodge HC, Braddock JE. Clinical Toxicology 
of Commercial Products. 5th ed. Baltimore, MD: Williams & Wilkins; 
1984. 

37. Ludomirsky A, Klein HO, Sarelli P, Becker B, Hoffman S, 
Taitelman U, et al. Q-T prolongation and polymorphous ("torsade de 
pointes") ventricular arrhythmias associated with organophosphorus 
insecticide poisoning. Am J Cardiol 1982; 49:1654-1658. 

38. Morgan DP. Recognition and Management of Pesticide Poisoning. 
3rd ed. Washington, DC: EPA; 1982. 

39. Reigart JR, Roberts JR. Organophosphate insecticides. In: Recogni- 
tion and Management of Pesticide Poisonings. 5th edn. Washington, 
DC: Office of Pesticide Programs, U.S. Environmental Protection 
Agency; 1999:34^17. 

40. Tafuri J, Roberts J. Organophosphate Poisoning. Ann Emerg Med 
1987; 16:193-202. 

41. Hase NK, Shrinivasan J, Divekar MV, Gore AG. Atropine induced 
ventricular fibrillation in a case of diazinon poisoning. J Assoc 
Physicians India 1984; 32:536. 

42. Eddleston M, Eyer P, Worek F, Mohamed F, Senarathna L, 
von Meyer L, et al. Differences between organophosphorus insec- 
ticides in human self-poisoning: a prospective cohort study. Lancet 
2005; 366:1452-1459. 

43. Eddleston M, Juszczak E, Buckley NA, Senarathna L, Mohamed F, 
Dissanayake W, et al. Multiple-dose activated charcoal in acute 
self-poisoning: a randomised controlled trial. Lancet 2008; 371: 
579-586. 



44. Eddleston M, Eyer P, Worek F, Juszczak E, Alder N, Mohamed F, 
et al. Pralidoxime in acute organophosphorus insecticide poisoning-a 
randomised controlled trial. PLoS Med 2009; 6:el000104. 

45. Davies JOJ, Roberts DM, Eyer P, Buckley NA, Eddleston M. 
Hypotension in severe dimethoate self-poisoning. Clin Toxicol 2008; 
46:880-884. 

46. Saadeh AM, Farsakh NA, al Ali MK. Cardiac manifestations of acute 
carbamate and organophosphate poisoning. Heart 1997; 77:461^164. 

47. Karki P, Ansari JA, Bhandary S, Koirala S. Cardiac and electrocar- 
diographical manifestations of acute organophosphate poisoning. 
Singapore Med J 2004; 45:385-389. 

48. Roberts DM, Aaron CK. Management of acute organophosphorus 
pesticide poisoning. BMJ 2007; 334:629-634. 

49. Sundaray NK, Kumar R. Organophosphorus poisoning: current 
management guidelines. In: Rao MS, ed. Medicine Update. 20th ed. 
New Delhi: Association of Physicians of India; 2010:420^-25. 

50. Cooper MJ, Abinader EG. Atropine-induced ventricular fibrillation: 
case report and review of the literature. Am Heart J 1979; 97: 
225-228. 

51. Kent KM, Smith ER, Redwood DR, Epstein SE. Electrical stability 
of acutely ischemic myocardium. Influences of heart rate and vagal 
stimulation. Circulation 1973; 47:291-298. 

52. Webb SW, Adgey AA, Pantridge JF. Autonomic disturbance at onset 
of acute myocardial infarction. Br Med J 1972; 3:89-92. 

53. Goel VK, Mehrotra TN, Gupta SK. Ventricular tachyarrhythmia: 
complication of atropine therapy in acute myocardial infarction. 
Indian Heart J 1981; 33:301-302. 

54. Wills JH, McNamara BP, Fine EA. Ventricular fibrillation in delayed 
treatment of TEPP poisoning. Fed Proc 1950; 9:136 (Ref Type: 
Abstract). 

55. Freeman G, Ludemann H, Cornblath M, Gold A, Filbert M, 
Udall J, et al. Cardiovascular and respiratory effect of acute parathion 
poisoning in dogs with particular regard to ventricular fibrillation. 
Army Chemical Centre, MD; 1954. Report No.: 303. 

56. Eddleston M, Street JM, Self I, Thompson A, King T, Williams N, 
et al. A role for solvents in the toxicity of agricultural organophospho- 
rus pesticides. Toxicology 2012; 294:94-103. 

57. KROP S, Kunkel AM. Observations on pharmacology of the 
anticholinesterases sarin and tabun. Proc Soc Exp Biol Med 1954; 
86:530-533. 

58. Kunkel AM, O'Leary JF, Jones AH. Atropine-induced ventricular 
fibrillation during cyanosis caused by organophosphorus poisoning. 
Edgewood Arsenal Technical Report 471 1 1973. 

59. Ludemann H, Cornblath M, Gold A, Filbert M, Udall J, Harkabus R, 
et al. Ventricular fibrillation following atropine in acute sarin poison- 
ing in dogs. Army Chemical Center, MD; 1955. Report No.: 402. 

60. Hayes WJ. Pesticides Studied in Man. Baltimore, MD: Williams & 
Wilkins; 1982. 

61. Morgan DP. Recognition and Management of Pesticide Poisonings. 
Atlanta GA: US EPA Office of Pesticide Programs; 1989. 

62. Massumi RA, Mason DT, Amsterdam EA, DeMaria A, Miller RR, 
Scheinman MM, et al. Ventricular fibrillation and tachycardia after in- 
travenous atropine for treatment of bradycardias. N Engl J Med 1972; 
287:336-338. 

63. Teitelman U, Adler M, Levy I. Treatment of massive poisoning by 
the organophosphate pesticide methidathion. Clin Toxicol 1975; 8: 
277-282. 

64. Wood JR. Medical problems in chemical warfare. Can Med Assoc J 
1951;64:35-39. 



Copyright © Informa Healthcare USA. Inc. 2014 



